Introduction
European land use and land management has entered a critical decision space, a limited time window to plan for-and move towards-a sustainable use of the land (Rounsevell et al. 2012; EEA 2017) . This complex challenge to better manage Europe's natural capital will require improved governance (Adger et al. 2003; European Commission 2011) , supportive policy and planning (Hodge 2016; Borrass et al. 2017) , innovative technologies and business models (Rantala et al. 2018) and societal support for the required changes (Latour 2017) . It is therefore imperative to explore alternative visions-i.e. positive descriptions of a desired future (Rounsevell and Metzger 2010; Van Zeijts et al. 2017) -to understand what this sustainable land use future could look like and to evaluate the pathways that can lead us to these visions (Rounsevell et al. 2012) .
This special issue presents nine papers resulting from the European Union (EU) funded Visions on Land Use Transitions in Europe (VOLANTE) project (http://www. volante-project.eu). These papers provide a better understanding of observed and future land use change in Europe Stürck et al. 2018; LotzeCampen et al. 2018; Helming and Tabeau 2018) , societal visions for desired sustainable land use Metzger et al. 2018; Valluri-Nitsch et al. 2018 ) and possible pathways towards these desired futures Brown et al. 2018) . Together, the insights presented in this special issue provide a basis for roadmap towards sustainable land use in Europe.
Understanding change
Understanding land use change is important to design and implement context-specific, effective policy measures (Foley et al. 2011; Rounsevell et al. 2012) , but also to assess the impacts of land system changes on biodiversity and ecosystem services . Within the VOLANTE project, a suite of existing and well-documented models, operating at different scales and focusing at different aspects of European land systems, were loosely coupled (cf Rounsevell et al. 2012; Lotze-Campen et al. 2018 ) and run for four common explorative scenarios and eleven policy alternatives. Together, they provide an unprecedented model integration and understanding of land use change in Europe. Levers et al. (2018) identified fifteen land system archetypes in Europe and seventeen archetypical trajectories of characteristic changes in land use indicators between 1990 and 2006. Only 40% of European land systems were found to remain stable over this time-period, with land use conversions (26%) de-intensification (18%) and intensification (15%) noticeable trends . Future land use change between 2000 and 2040 under a suite of explorative scenarios was summarised by Stürck et al. (2018) by mapping regional hotspots of change derived from the loosely coupled land use models. Although land use trajectories differed in extent and spatial pattern across Europe and among scenarios-indicating trajectory-specific option spaces for alternative outcomes-similar hotspots of land change were observed among scenarios . These findings illustrate the challenges of averting certain change, including further land use polarisation by continued intensification and abandonment.
Sector-specific and cross-sectoral ex-ante modelling studies can help explore potential effectiveness of, and trade-offs between, new policy measures to support land use transitions (Van Ittersum et al. 2008; Helming et al. 2011) . Lotze-Campen et al. (2018) used a multi-scale integrated land use modelling framework to understand trade-offs between policies aiming to stimulate an expansion of protected areas in Europe. They found differences across scales, including impacts on resource imports to Europe, and an intensification on productive land (LotzeCampen et al. 2018 ). Helming and Tabeau (2018) used computable general equilibrium and partial equilibrium models to explore economic, environmental and agricultural impacts of redirecting 20% of the Common Agricultural Policy (CAP) direct farm payments to labour subsidies. They found that employment and production increased, but because prices decreased, the net total economic welfare in the EU was lower. Despite technical complexity, inherent limitations and unavoidable uncertainty, such studies help identify challenges and critically evaluate potential solutions.
These land system modelling studies explore anticipated land use changes under alternative future scenarios. They help policy and planning by identifying-and raising awareness about-future change. To fully utilise these insights in decision-making, policy makers need to understand what future land use society wants to see.
Understanding societal visions
The recent adoption of the United Nations (UN) Sustainable Development Goals (United Nations 2015) confirms the broad international political acceptance of the urgent need to address major sustainability challenges. Multilateral international agreements and European policy confirm land degradation must be avoided, pollution ended and biodiversity preserved, and that land use has an important role to play in regulating the climate through land-based mitigation of, and adaptation to, climate change by providing nature-based solutions such as cooling and flood prevention (Fig. 1) . It is acknowledged that these demands need to be balanced without limiting access to open space or threatening cultural heritage and sense of place, and without exporting negative externalities to other parts of the world (Fig. 1) . However, there is little understanding of what this sustainable land use future would or should look like.
Visions of the future support strategic planning by stimulating dialogue, building a consensus on shared priorities and providing long-term targets (Bjornsom et al. 2005; Rounsevell and Metzger 2010; Gebhard et al. 2015; Van Zeijts et al. 2017) . Perez-Soba et al. (2015; describe how 69 land use stakeholders were engaged in an intensive and carefully facilitated process to elicit three cross-sectoral visions of sustainable land use in Europe in 2040, which are summarised in Table 1 . All visions describe multifunctionality, resource use efficiency, controlled urban growth, rural renewal and pervasive nature. However, they differ in the scale at which services are predominantly provided: local, regional, or Europe wide. In Best land in Europe, optimal use of land is crucial to ensuring maximum production of food and other natural products. Land across Europe is therefore matched to its most optimal and efficient use. In Regional Connected, society's needs are met regionally in a coherent relationship between people and their resources. In a non-globalised economy, there is a move away from regional specialisation. In Local Multifunctional, there is a high local diversity in goods and services, land use and society, made possible by concentrating multiple land functions in small areas through innovative approaches to living, working and recreation.
The three visions derived by land use stakeholders (Table 1) were compared to citizen visions by Metzger et al. (2018) . They developed a crowd-sourcing experiment to explore how young Europeans envisioned their lives in 2040. Participants completed a graphic novel around their imagined future lives by answering questions with direct land use relevance. Results from 1131 responses show a strong desire for change, and for more sustainable lifestyles. Participants want their food to be produced locally and in ecologically friendly ways, to eat less meat, to have access to green infrastructure and the ability to cycle to work. However, international travel remains popular, and the desire for extensive food production and owning detached houses with gardens will likely result in complex land use trade-offs. Their choices contrast with the Best Land in Europe vision, with its focus on optimal land allocation and efficiency. The Local Multifunctional expert vision is more aligned, based on the popular responses in relation to local food production, cycling to work, living outside cities and supporting multifunctional use and the rural areas. However, this vision of localism is achieved through radical behavioural change and governance shifts to local decision-making, which were not expressed in the crowdsourcing experiment.
At a national scale, Valluri-Nitsch et al. (2018) asked 20 stakeholders representing seven land use sectors for their future land use visions for Scotland, a country with significant rural land use conflicts (Glass et al. 2013; Valluri-Nitsch et al. 2018) . Despite perceived contention, inductive content analysis identified common ground on many aspects: the importance of the environment; the wish for more partnerships, dialogue and collaboration; the desire for society to be more engaged and aware about land use and a strong need for short-, medium-and long-term policies helping to achieve these goals. Notable differences relate to land governance, and especially the empowerment and inclusiveness of Scotland's society in land use decision-making.
These three vision studies found people eager and interested to express their ideal future, which removed barriers resulting from present-day contentions or constraints. Different methods (participatory methods ; crowd sourcing ; interviews ) proved successful to elicit common ground and understand different viewpoints. The visions form starting points for exploring how these futures could be achieved.
Understanding pathways
Current land use differs from the stakeholder visions outlined previously, and land use policy should seek pathways towards a more sustainable land resource management. Pathways are those combinations of scenarios and policy options that result in future land use in Europe that corresponds as closely as possible to the VOLANTE visions (Table 1) . Ongoing trends are unlikely to bring land use close to the visions Stürck et al. 2018) . used seven linked simulation models to assess whether 24 combinations of four explorative scenarios of global developments and eleven policy alternatives could lead to the three European-wide visions (Fig. 2) . None of the pathways were in complete agreement with any of the visions, but five pathways were identified to Regional Connected, two of which could also lead to Best Land in Europe. Importantly, none of the pathways lead to Local Multifunctional. Nevertheless, results suggest that nature protection and payment for ecosystem services (PES) policies can influence European land use to make it more in line with societal preferences.
The detailed simulation models used by assume that land managers display homogeneous, Fig. 1 Sustainable land management involves the careful balance of a wide range of demands, within a complex context of multilateral agreements and EU policy economically rational behaviour across space, time and scenarios. This assumption precludes the consideration of important behavioural effects and limits understanding of the feasibility of scenario-based pathways towards visions. Brown et al. (2018) used an agent-based land use model to examine broad forms of behavioural variation within defined scenarios in theoretical contexts to assess the scope for behavioural pathways towards these normative futures. They found that the (partial) achievability of visions is determined by wider global developments and the multifunctional potential of land uses, with a fundamental tension between large-scale land use productivity and small-scale diversity (i.e. land sparing and land sharing (Phalan et al. 2011) . Trading conditions affect this balance most strongly and represent an obvious target for governance strategies concerned with achieving multifunctional land use. However, behavioural effects can be strong and diverse, and can accelerate, counteract or mitigate the impacts of other drivers.
Both papers confirm that European land use change is strongly affected by global development, and conditional on the regional and local context within Europe. Nevertheless, policy measures, governance arrangements and societal behaviour can influence how land is managed and thereby directly influence and contribute to the sustainable future of European land use.
Towards a roadmap
Roadmaps provide policy advice by suggesting possible strategies to achieve a desired future, e.g. for the journey to a postKyoto protocol (Clemençon 2008) . This special issue brings Table 1 Summary of the three VOLANTE visions, described in detail by Perez-Soba et al. (2018) Best land in Europe-optimal use of land resources Regional Connected-living closer to the nature Local Multifunctional-self-sufficiency for communities
Europe participates in a globalised world with intensive movement of products, money and people. Political collaboration exists between and beyond the EU member states. There is intense global competition for resources requiring more efficient land use to meet society's needs. Across the EU, land provides for multiple functions, in a well-planned, well-ordered and zoned use of space. Some land is used for multiple purposes. Other land is better suited for specialisation in just one function, e.g. food production or nature.
Europe has a greater appreciation of regionally available resources and adopts innovation to live with a minimum of external imports. Serving the regional population and keeping regional coherence is a key priority. This reduces the need for travel and transport, and maintains regional diversity in land use. Territorial cohesion at the regional scale does not isolate communities or close borders, but creates local autonomy, increases resilience and leads to greater citizen engagement in land use decision-making.
Europe integrates multifunctionality locally, striving for the provision of multiple ecosystem services in all land use. Localised thinking and decision-making is supported by a radical shift in societal behaviour and 'bottom-up' governance. Rural areas flourish by having a strong green economy where biodiversity is improved through a clean environment and green infrastructure. There is a huge reduction in 'food miles' as products are grown and consumed locally. Technology facilitates the sustainable management of natural resources. together the roadmap components identified by Rounsevell et al. (2012) : a scenario framework that links plausible visions of desired futures to numerical models that incorporate uncertainties about future projections; the identification of the pathways to reach the desired outcomes and broad and in-depth stakeholder engagement on scenarios, visions and trade-offs. However, no single roadmap can be developed given the divergent archetypical visions that were identified. A single unified vision could perhaps be derived by integrating elements of the visions through a further iterative stakeholder engagement process (cf Robinson et al. 2011) , as suggested by Dammers et al. (2017) in a related study focused on visions for future nature in Europe. However, given the extent of the changes put forward in the visions discussed here, such integration would likely become part of a political process which is beyond the immediate scope of land systems research.
Best Land in Europe
Nevertheless, Pedroli et al. (2015) reflected on specific policy implications for the three VOLANTE visions (summarised in Table 2 ). Under current socio-economic and policy conditions, none of these visions can be achieved without accepting significant trade-offs Brown et al. 2018 ). The Local Multi-functional vision appears popular among European citizens , but also seems the most challenging vision to achieve given land use legacy effects (Bürgi et al. 2017 ) and the need for complete transformation in society and decision-making processes, underpinned by individual behavioural change. Best Land in Europe would supply the greatest quantity of ecosystem services on a continental scale, but many rural areas would struggle to support local communities without major restructuring of economic activities away from agriculture. Regional Connected would require strong regional autonomy and regulation-to protect regions from global market forces-and a broad acceptance of this by society.
Despite major contrasts between the three visions, there are also important similarities which highlight the need for bold and coordinated change in European land use. All visions require society to embrace governance structures with strong land use planning policies, and a willingness to reallocate budgets to fund land use change that will in some cases result in land systems that are distinctly different from those we know today. The private and public sector will need to collaborate to develop mechanisms to support better management of natural capital and mainstream nature-based solutions. Community and citizen engagement in equitable decisionmaking will be crucial for success. And, there is a clear need for targeted interventions in marginal and remote rural areas. Land use planning is not an EU competence, although land use development is largely determined by a range of EU sectoral policies. Hence, a priority action in policy should be to foster cross-sectoral strategies and support governance structures that support land use planning from local to regional and European scales.
To arrive at a true policy roadmap towards sustainable land use in Europe would be a major political endeavour and require substantive dialogue among divergent stakeholders with major economic stakes-including the farming, food, forestry and energy sectors. Policy advice should acknowledge tradeoffs between sectors and regions, take into account geographic context and simulate and support creative solutions by regional and local actors. The research methods and engagement approaches described in this special issue can add credibility to the development of this roadmap, but initiating the transition towards a truly sustainable land use system-in Table 2 Summary of policy implications of the three VOLANTE visions, as discussed by Pedroli et al. (2015) Best land in Europe-optimal use of land resources Regional Connected-living closer to the nature Local Multifunctional-self-sufficiency for communities
Global market forces and many current EU policies favour specialisation and efficiency, and there are opportunities to adapt the existing rural development policy, greening of the CAP and climate mitigation & adaptation policies to support the vision. However, considerable European coordination and enforcement would be required, including European planning policy to determine the best locations for land use and land functions across scales; support for managed abandonment or restructuring in marginal and remote rural areas; and mechanisms to support payments for ecosystem services, to better manage natural capital and mainstream nature-based solutions.
Compact urban development and enhanced connectivity are established EU and national policy aspirations. The first has proved difficult to achieve, and the latter is subject to substantial financial investment. The vision would also require strong governance structures that promote collaboration between regions, whilst minimising interregional trade in resources. Specific measures required include coherent regional land use planning that ensures sufficient provision of all ecosystem services within the region; support for the transition from specialisation to achieve regional self-sufficiency; and mechanisms to support payments for ecosystem services, to better manage natural capital and mainstream nature-based solutions.
Although interest local food production and self-sufficiency are growing, and despite a growing number of exemplars in local multifunctional living, a radical shift in behaviour, supported by bottom-up governance, would be required for this vision to materialise across Europe. Policy measures that can help this vision are limited because the vision embraces hands-off approach that empowers communities to make their own land use-related decisions. However, specific measures include promoting the upscaling of grass-roots initiatives through incentives and by removing barriers to success; and mechanisms to support payments for ecosystem services, to better manage natural capital and mainstream nature-based solutions.
whichever way that is envisaged-ultimately depends on the political and societal willingness to act.
